Antiserum produced in the rabbit to autoclaved mycelial suspensions of Microsporum quinckeanum reacted with three neutral polysaccharides isolated from each of five species of dermatophytes, M. quinckeanum, Trichophyton granulosum, T. interdigitale, T. rubrum, and T. schonleinii. The serological reactivities of these polysaccharides, grouped as galactomannans I, galactomannans II, and glucans, were compared by qualitative precipitation analyses in gel and quantitative complementfixation analyses. Significant differences were found among the glucans and galactomannans II but not among the galactomannans I of these species.
Numerous investigators have prepared polysaccharide fractions from various species of dermatophytes. These preparations have been used to produce humoral antibodies in experimental animals for the study of the serological specificities of such cellular constituents. Evidence was obtained for serological and immunological activities of these fractions. However, in no instances were pure polysaccharides, free from nitrogenous admixtures, studied (7, 8, 11-15, 19, 20) .
We have isolated the water-soluble polysaccharides from 12 species representing the genera Epidermophyton, Microsporum, and Trichophyton. The chemical structures of the polysaccharides from Microsporum quinckeanum (Zopf) Guiart and Grigorakis, 1928, Trichophyton granulosum Sabouraud, 1909, T. interdigitale Priestley, 1917, T. rubrum (Castellani) Sabouraud, 1911 , and T. schdnleinii (Lebert) Langeron and Milochevitch, 1930 have been studied in detail. It was found that the polysaccharides isolated from these dermatophytes consist of galactomannans I and II (GM I and GM II) and a glucan, with the exception of T. rubrum which yielded a mannan instead of a GM I (1) (2) (3) (4) (5) (6) .
The purpose of this investigation was to study the relationships of the 15 N-free neutral polysaccharides isolated from the above-mentioned dermatophytes. A single antiserum specific for one dermatophyte, M. quinckeanum, was used as a sensitive tool with which to determine whether differences in serological activity could be correlated with structural analyses by chemical methods.
MATERIALS AND METHODS
Isolation of polysaccharides from dermatophytes. The isolation and separation of the polysaccharides and the elucidation of their gross chermical structures have already been reported (1) (2) (3) (4) (5) (6) .
Preparation of antisera to M. quinckeanum. Adult, white, male New Zealand strain rabbits were injected three times weekly with 1.0 ml of a 0.2% saline suspension of autoclaved, freeze-dried, powdered (350 mesh) mycelium of M. quinckeanum. Injections were intravenous on day 1 and intraperitoneal on days 2 and 3 ofeach week for a period of 4 weeks or longer for primary immunization. Rabbits were bled by cardiac puncture 1 week after the last injection. The blood was allowed to clot. The serum was removed, centrifuged to separate blood cells, and frozen until used.
Preparation of test antigen saline extract. A saline suspension (15%, w/v) of the powdered mycelium was autoclaved and shaken at room temperature for 48 hr. The suspension was centrifuged, and the supernatant fluid was removed and kept frozen until used. Qualitative precipitation in gel. Rabbit sera were screened for precipitating antibodies by the immunodiffusion method of Ouchterlony (16) Figure 2 shows practically identical curves. The concentrations of antigen used for complement-fixation analyses were so low that any minor contaminants, which were not detected by physicochemical analysis, did not significantly contribute to the reaction.
Immunoelectrophoretic analysis by use of the antiserum absorbed with GM I or GM II (Fig.  3 ) allowed us to determine the mobility of the components of the saline extract of powdered mycelium having the same antigenic specificity as the polysaccharides. The mobilities of these components were similar to the mobilities of the isolated polysaccharides. We thus concluded that the polysaccharides were probably not present in the form of a larger complex, e.g., glycopeptides, neither in the saline extract nor in the powdered mycelium from which the extract was prepared.
Qualitative analysis of the polysaccharides as antigens by precipitation in gel. The polysaccharides isolated from the five species M. quinckeanum, T. granulosum, T. interdigitale, T. rubrum, T. schonleinii were compared by precipitation analyses in gel. Each of the GM I preparations, including the mannan from T. rubrum, reacted with this antiserum. More than one precipitin band was obtained with each polysaccharide when high concentrations (1.0 to 2.0 mg/ml) were used, indicating the presence of impurities. with the antiserum before and after absorption with GM II of M. quinckeanum. After removal of the antibodies specific for GM II, all GM I antigens appeared to be identical by this method of analysis.
Immunodiffusion analysis of GM II preparations with the whole antiserum also revealed impurities in these polysaccharides (Fig. 6 ). After absorption of the antiserum with GM I of M. quinckeanum, single precipitin bands were obtained with the GM II preparations (Fig. 7) . Some of these showed slight spur formation, and thus they did not appear identical.
The precipitin bands obtained by gel diffusion analysis of the glucans were faint. These polysaccharides gave single precipitin bands with the whole antiserum except for the glucan of T. interdigitale and the homologous glucan, each of which gave two faint bands at high concentrations (2.0 mg/ml). At lower concentrations (0.1 mg/ml), single bands were obtained with all but the glucan of T. rubrum, which did not give a visible reaction.
Quantitative analysis of the polysaccharides as antigens reacting with whole antiserum by complement fixation. The results of these analyses are summarized in Table 1 . The GM I preparations all reacted well with the antiserum; each gave maximal fixation of complement and required low concentrations of antigen for 50% fixation. Curves quite similar to the homologous system were obtained with each GM I. The mannan from T. rubrum appeared to be particularly reactive.
Greater differences in reactivities were found among the GM II preparations. Curves of the reactions with the GM II preparations showed that those from T. rubrum and T. interdigitale were the poorest antigens, fixing maximal amounts of only 50 and 35% of the complement in the system. The GM II preparations of M. quinckeanum and T. granulosum appeared to be about equally reactive.
The greatest differences in reactivities were measured among the glucans. The least reactive glucans were those from T. rubrum and T. quinckeanum. Quantitative analysis of the GM I preparations as antigens reacting with antiserum absorbed with GM II by complement fixation. Each of the GM I polysaccharides still gave maximal fixation of complement at low concentrations when reacted with absorbed antiserum. This showed that the antibody specificity being measured was for GM I and not for slight impurities of GM II, which may have been present in the polysaccharides. The absorbed antiserum diluted 1:400 still fixed complement maximally with the GM I preparations (Table 2) .
Quantitative analysis of the galactomannans II and glucans as antigens reacting with antiserum absorbed with galactomannan L As in the analysis with whole antiserum, the GM II preparations from M. quinckeanum and T. granulosum appear to be the most closely related (Table 2 ).
To be sure that antibodies to glucans were being measured and not GM I impurities, the reactivities of the glucans were determined by use of the antiserum absorbed with GM I (Table 2 ).
Great differences were seen in the reaction curves. The relative reactivities were similar to those measured with the whole antiserum ( Table  1 ). The antiserum absorbed with GM II still reacted with glucan from M. quinckeanum also. However, the relative reactivities of other glucans were not measured.
DIscussioN
The results presented show that neutral polysaccharides are antigenic components of the mycelium of M. quinckeanum. The serological reactivity of the nitrogen-free polysaccharides isolated from five species of dermatophytes with antiserum produced in the rabbit to autoclaved mycelium of M. quinckeanum has been demonstrated by immunodiffusion, immunoelectrophoresis, and complement-fixation analyses. The concentrations of antibodies to GM I, GM II, and glucan were sufficiently high to allow immunodiffusion analysis of all of the polysaccharides isolated from five species. These analyses showed that, within each group, polysaccharides from each of the heterologous species contained antigenic groups with reactivities similar to those of the M. quinckeanum polysaccharides.
Immunodiffusion against the antiserum could also be used as a criterion for the purity of the positive value (+430) as compared with the others. However, from the serological results described in the present paper, the glucans of T. granulosum and T. interdigitale have the most reactive groups in common with the glucan of M. quinckeanum. From these results, it would appear that the configuration of the anomeric linkages is not an important structural factor, at least within broad limits, in the serological specificity of this group of polysaccharides. By the same reisoning, the amount of branching cannot be critical because the glucan from T. granulosum is the most highly branched whereas those from M. quinckeanum and T. interdigitale are the least highly branched in the group. A positive correlation of structure with specificity does appear to exist in the relative amounts of 1 -6 and 1 -. 3 linkages in these glucans. Thus, the three glucans which are more similar serologically, M. quinckeanum, T. granulosum, and T. interdigitale, each have more 1 -* 6 than 1 -* 3 linkages in their linear portions; in the other two glucans, 1 -* 3 linkages predominate.
In the GM II preparations, the gross structural J. BACrEROL. Like the GM II preparations, the GM I preparations were very similar to each other structurally. Thus, each GM I contained a predominance of a, 1 -, 6 linked D-mannopyranose units in the linear parts of the molecules, and branches occurred by substitution at C-2 and C-6 of D-mannofuranose and D-mannopyranose units. The variation in amounts of nonreducing end groups in the GM I preparations was significant structurally but was not reflected in the serological tests, which showed that the polysaccharides in this group were very similar. This result would tend to discount the serological significance of the relative amounts of the two types of nonreducing end groups in both groups of galactomannans. However, a clue as to the predominant structural determinant of serological specificity is revealed by the differences between GM I and GM H preparations. The GM I preparations contain large amounts (42 to 48%) of 1 --6 linked D-mannopyranose units in their linear portions but no 1 --2 linkages. In the GM II preparations, the linear parts of the molecules contained both 1 --6 and 1 -+ 2 linkages. This major structural difference is reflected in the quite different serological properties of the two groups of galactomannans, and is without doubt the determinant factor. If the linkages in the linear chains are the major structural determinants, then the GM I preparations, with nearly all of the linear units joined by 1 -+ 6 linkages, would be expected to be similar. On the other hand, the GM II preparations could differ from each other by variations in the sequences of
